Objective: Evaluate the pattern of intraocular pressure (IOP) variations through the pneumatic tonometer, between two specific surgical techniques, and the possible variables that may influence the behavior of this pressure. Methods: Retrospective cross-sectional study carried out through the review of electronic medical records of a private ophthalmological reference hospital in the city of Goiânia, Goiás, Brazil, from 2012 to 2016, comprising of a sample of 550 eyes. The analyzed variables were, age, gender, IOP, axis, pachymetry, anterior chamber depth, and axial length. Results: In the end, the study consisted of 231 eyes, represented by 179 patients. Of these, 182 eyes were operated on by isolated cataract surgery, with a mean age of 72.0±9.5 years. The combined surgery represented a total of 49 eyes, 34 patients with a mean age of 71.9±8.14 years. There was statistical significance (P,0.05) in correlating the pre-and postoperative IOP values in the 24-hour, 7-, 15-day, and 12-month postoperative periods. Conclusion: A standard of variation of IOP was found through the pneumatic tonometer in both surgical techniques, but a more significant reduction was observed in combined surgery than in isolated cataract surgery, and further studies with a greater epidemiological impact are required for confirmation of this conclusion.
Introduction
Cataracts and glaucoma are the leading causes of visual impairment around the world. A cataract consists of any degree of opacity of the lens, not necessarily causing blindness. 1 Glaucoma, in turn, is a chronic and progressive optic neuropathy, which has characteristic morphological alterations of the optic nerve and retinal nerve fiber layer, resulting in the death of retinal ganglion cells and loss of visual field. 2 In the world, of the 45 million existing blind people, 40% is due to cataracts. 3 According to the World Health Organization, 4 the annual incidence of this disease is estimated at 0.3%, of which about 550,000 new cases per year are seen in Brazil, thus leading to it being characterized as a public health problem. 5, 6 In 2013, glaucoma cases totaled 64.3 million, with a worldwide prevalence of 3.54% (3.05% open angle and 0.5% closed angle). Of these, 60% were in Asia, where primary angle-closure glaucoma (PACG) predominates and, second, in Africa, with 13%, with primary open-angle glaucoma (POAG) predominating. About 76 million cases are expected in 2020 and, in 2040, 111.8 million. PACG is less prevalent; however, the number of blind people due to this A cataract may be of congenital origin, as in intrauterine, or may be due to acquired infections, senility, trauma, endocrine disorders, among others. 1, 8 The diagnosis is given in cases of reduction of visual acuity and alteration of the crystalline transparency, observed through biomicroscopy. 8 Treatment is eminently surgical through the facectomy, using the most common technique called phacoemulsification. It is a noninvasive procedure, which leads to a rapid recovery. In addition, the exposure of the conjunctiva without fibrotic processes due to the absence of manipulation of the conjunctiva improves the postoperative result of the filtering surgeries and it contributes to reduce intraocular pressure (IOP). 9, 10 In glaucoma, IOP is increased most of the time; however, it is not an obligatory condition, and there may be optic nerve damage and visual complaints with an IOP within a range considered normal for most people. Also, an increased IOP in relation to the mean of the population and with the patient not presenting any optic nerve damage, in this case, is classified as ocular hypertension. 11 Thus, ocular hypertension is the main risk factor that can lead to optic nerve damage, resulting in loss of visual field. 12 The control of IOP is fundamental for a good prognosis of the disease. Its treatment can be both pharmacological and surgical. Traditionally, the main reasons for the surgical choice in glaucoma are the failure of the medication in the control of pressure and the deterioration of the visual field. 13 Trabeculectomy is the most performed surgery and is intended to prevent the progression of glaucomatous damage by lowering IOP. In this way, the target IOP, with a reduction of more than 30% of the IOP-base value, may be beneficial for the reduction of the progression of the field defect.
14 This surgery consists of the creation of a fistula that allows the drainage of the aqueous humor to a pouch formed between the sclera and its lining tissue, promoting the reabsorption of the aqueous humor by the sclera itself. 15 The coexistence of cataract and glaucoma is a common reality of the elderly; taking into consideration these patients' scenario, combined surgery becomes an interesting option. This surgery is nothing more than the association of phacoemulsification with trabeculectomy, with one or two incisions. In this study, surgery was performed in combination with two incision sites, one for cataract and one for trabeculectomy.
In the single incision, the fistula is created first, and then cataract surgery is performed. In the second approach, phacoemulsification is initially performed, followed by conventional trabeculectomy. 16 Phacoemulsification combined with trabeculectomy produces better IOP control, with fewer complications than manual cataract extraction. However, in combined surgery, reduction of IOP and its subsequent control are lower when compared to isolated trabeculectomy, probably due to a longer rupture of the bloodocular barrier associated with cataract surgery. 17, 18 Combined surgery has the advantage of intervening in two eye pathologies in one approach, but on the other hand, it is associated with a greater number of complications. In a study by Tham et al, 19 who compared two groups, one with cataract surgery alone and the other with phacotrabeculectomy in patients with closed-angle glaucoma, no difference in visual acuity and progression of glaucoma between the two was observed.
The tonometer is the device used to perform ocular pressure monitoring. There are several models currently available; however, the most used are the noncontact pneumatic and the Goldmann applanation, with contact, the latter being considered the gold standard for IOP measurement. The pneumatic tonometer has a mechanism to produce a jet of air leading to corneal applanation, in which a beam of light is projected in of which only the reflected and parallel coaxial rays are picked up by the receiver of the apparatus, obtaining a maximum peak of luminous reception when the cornea is flattened. 20 This device was first used in 1973 by Forbes, and today it is widespread because of its operational advantages: it does not require the use of eye drops, it can be operated by nonmedical professionals, it offers a low risk of contamination, and it is useful in screening programs. 21 However, Britt et al 22 demonstrated the existence of lachrymal film dehiscence and formation of microaerosol with the air blow, which would make the pneumatic tonometer not as aseptic as one imagined. It was also observed that in noncontact tonometry, lower values of IOP were found in the first measurement when compared to subsequent measurements; correlating this fact with a patient's anxiety and corneal factors, such as thickness and curvature, leads to alteration of the results of IOP measurement in both the pneumatic tonometer and the Goldmann applanation. 23 Due to a small amount of data in the literature, regarding the behavior of IOP between two highly complex surgical techniques when measuring pneumatic tonometry, this study was requested to complement this lacuna. In this way, comparative future studies can be developed in different ethnicities and the creation or perfection of IOP measurement technologies can be quick, safe, and minimally invasive.
The objective of this study was to evaluate the behavior of IOP variation, through the pneumatic tonometer, between 
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IOP after phacoemulsification and trabeculectomy with phacoemulsification two specific surgical techniques. With this, it becomes an important supporting instrument for the monitoring of postoperative IOP, due to the practicality in measurement.
Methods
A retrospective and cross-sectional study was carried out by reviewing electronic medical records from the database of a private ophthalmological reference hospital in the city of Goiânia, Goiás, Brazil, from 2012 to 2016. The present study followed the guidelines of the Declaration of Helsinki and was submitted and approved by the ethics in research commission (CEP) of the Pontifical Catholic University of Goiás (PUC-GO) (number CAAE: 72407517.2.0000.0037). The CEP did not require the informed consent of the patients because it was a review of medical records and the methodology used was not for a prospective study, but a retrospective one. The data collection used the electronic medical record number, and the personal identification of the patients was only known to the doctor responsible for the surgeries. The data with the personal identification remained in the hospital (and did not come into contact with third parties) where the samples were collected.
The study evaluated 550 eyes, and the variables analyzed were age, gender, intraocular pressure, axis, pachymetry, anterior chamber depth (ACD), and axial length.
The IOP was measured and quantified using the Topcon Computerized Tonometer CT-80 pneumatic tonometer or noncontact tonometry (NCT). Their values were recorded as follows: IOP before surgery (last preoperative evaluation), 24 hours, 7, 15, and 30 days, and 3, 6, and 12 months postoperatively.
The inclusion criteria for cataract patients were as follows: patients with cataracts and those over 18 years of age with IOP of ,21 mmHg, without perioperative complications, subjected to phacoemulsification by the same surgeon, and absence of ophthalmologic surgeries and/or other ocular previous diseases. In the individuals with glaucoma and cataract, inclusion criteria were cataract present and over 18 years, IOP greater or less than 21 mmHg, using at least two classes of antiglaucomatous medication, excavations larger than 0.7 with loss of neuroretinal rim, 24 open angle with confirmation via gonioscopy, loss of visual field using the Anderson criteria 25 with minimal reproducibility of at least two visual fields, and/or progression. [24] [25] [26] The exclusion criteria were as follows: patients under 18 years of age, incomplete data in electronic medical records, patients with perioperative or postoperative complications, contact lens users, and/or those with previous ophthalmologic surgeries.
Surgical methods: All surgeries were performed by the same surgeon. Cataract surgeries were performed with topical anesthesia followed by a 3.2 mm incision in the transparent cornea. In the anterior chamber (AC), a viscoelastic agent was injected and then capsulorhexis was performed. After capsulorhexis, the core was separated with the cortex through balanced salt solution. The separation of the cortex and the lens nucleus were both removed by phacoemulsification. Viscoelastic was placed in the capsular bag for intraocular lens implantation. After implantation of the IOL the viscoelastic agent was removed from the AC. The combined surgery was performed at two separate sites. One site was used for phacoemulsification and the second site for trabeculectomy, where conjunctival dissection at the fornix base was performed prior to cataract surgery with or without mitomycin depending on the case introduced. After cataract surgery, trabeculectomy was performed with flat 10.0 nylon sutures.
After collection, the data were transcribed in Microsoft Excel ® software (Microsoft Corporation, Redmond, WA, USA). The Statistical Package for Social Science version 21.0 (IBM Corporation, Armonk, NY, USA) was used to analyze the data.
Categorical variables were presented as absolute value (n) and percentage value (%). Continuous variables were presented as mean ± SD and median (95% CI).
The analysis of variance was used to compare the mean age between the combined and isolated cataract surgery groups. The Mann-Whitney test was used to verify the existence of a significant difference between the continuous variables (IOP, axis, pachymetry, ACD, and axial length) as the general mean, the difference between the postoperative and preoperative, and the percent difference in relation to the preoperative period between the combined and isolated cataract groups. In the statistically significant variables, linear regression analysis was used to observe the effect of the variable on the IOP variation in the analyzed groups. The KruskalWallis test was used to test the variables age, IOP 1 month, IOP 3 months, IOP 6 months, IOP 12 months, and the final variation of IOP between the preoperative pressure classes.
For all tests, a 95% confidence level was considered, that is, P,0.05 was considered significant.
Results
Of the 550 eyes analyzed, 319 did not meet the inclusion criteria of the study or did not present duly completed medical records. Thus, at the end of the data collection, the study consisted of 231 eyes, represented by 179 patients. (Tables 1 and 2) .
In both groups, documented mean IOP was statistically significant in the following periods: preoperative, 24 hours, and 12 months postoperatively ( Table 2) .
The study analyzed the mean IOP difference during the pre-and postoperative periods of both groups. In the combined surgery, the IOP in the postoperative 24 hours showed a reduction of 9 mmHg. Within 30 days after surgery, the IOP difference was close to 7 mmHg. And at 12 months of procedure, the IOP difference reached a value just above 4 mmHg. In the isolated cataract surgery, the IOP variation behaved evenly, with values ranging from 3 to 4 mmHg up to 3 months postoperatively and at 12 months postoperative, a value below 2 mmHg ( Figure 1) .
By correlating the pre-and postoperative values of IOP, a statistical significance of the IOP variation was obtained in the 24-hour, 7-, 15-day, and 12-month periods after surgery. At the end of the study, 12-month follow-up, the IOP variation in combined surgery was 4.2±2.6 mmHg vs a 1.8±1.8 mmHg variation in cataract surgery alone (Table 3 ).
In the linear regression analysis of the variables on the pressure difference before and after surgery in the two groups analyzed (Tables 4-7) , a discrete influence of the ACD and axial length variables was observed in the immediate postoperative phacoemulsification group (Tables 4 and 5 ).
It was observed that IOP variation showed a greater reduction in the category where preoperative values were higher (Table 8) . Regarding the use of antiglaucomatous drops after 12 months postoperatively, it was observed that 18.4% of the 
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IOP after phacoemulsification and trabeculectomy with phacoemulsification patients did not need to use eye drops and 30.4% used only one class of antiglaucomatous medication ( Table 9 ).
Discussion
Senile cataract is a disease closely related to aging, its main risk factor. This study showed that women underwent more cataract surgeries when compared to men, possibly due to higher life expectancy, thus being more likely to develop the disease. 6 Combined surgery, where there is evolutionary glaucoma, has been performed more in men. In the study by Tham et al, 7 there was a higher prevalence of this disease in males, mainly POAG, which corresponds to the majority of cases. In this particular study, we also found this higher prevalence in the male gender, in accordance with the data in the literature.
In the cataract surgery group alone, up to the sixth postoperative month, IOP declined continuously, but in the 12 months after surgery, this difference was reduced, but did not reach the preoperative values. Considering the statistical significance in some analyzed variables (Table 2) , we tried to perform a linear regression analysis of the pressure difference variables before and after surgery in both groups. It was interesting to note that only in the first 15 days in the phacoemulsification group was an influencing factor observed in the ACD and axial length. We believe that this effect may be related to the immediate postoperative AC readjustment in this group. The depth of the AC in the preoperative period is smaller when compared to individuals with isolated cataract, which may be related to the metabolic effects secondary to glaucoma interfering in its intumescence leading to a reduction of ACD. The study by Picoto et al 9 also showed that although IOP reduction persists after 12-24 months, this negative pressure variation tends to decrease over time. The most significant decrease in IOP seen in the period close to surgery could be explained by the increase in the release of prostaglandin F-2, the effect of which increases drainage of the aqueous humor by the uveoscleral surface. 27 In combined surgery, a fistula is created on the sclera that can undergo a 
2162
rodrigues et al fibrotic process, reducing the flow of the aqueous humor that, previously, was facilitated by the same, also leading to the decrease of IOP variation with the passage of time. 28 The study demonstrated that IOP control was more pronounced in combined surgery than in isolated cataract surgery, probably because both phacoemulsification and trabeculectomy have a distinct ocular hypotensive effect. It is also observed that the ocular antihypertensive effect in those undergoing isolated cataract surgery was more stable when compared to the combined surgery. In the study by Shingleton et al, 29 with similar data, it was observed that isolated cataract surgery reduces IOP in a discrete but durable way, independent of glaucoma.
According to Zhang et al, 30 on the variation of IOP in patients subjected to combined surgery and isolated cataract surgery, combined surgery had a more significant negative variation than isolated surgery 1 year after the procedure; however, it was not a definitive result because of the lack of statistical significance. This finding corroborates the study in question, which determines a more pronounced IOP decrease when it comes to combined surgery, but in the present study there was statistical relevance of the results.
Combined surgery showed a greater variation in the IOP value; however, the isolated cataract surgery also achieved a significant difference in pre-and postoperative pressures. This reduction of IOP in cataract surgery is probably due to two indirect factors that may contribute to facilitate the drainage of the aqueous humor: an increase in the depth of the AC, thus facilitating drainage through the trabecular meshwork, 31, 32 and the placement of an intraocular lens, which increases the mechanical tension in the zonation region, thus reducing the drainage resistance of the aqueous humor by the expansion of the trabecular meshwork space, but the exact mechanism is still unclear. 29, 32 Due to these factors, isolated cataract surgery may be an important ally for IOP reduction and stability, 38, 39 both in patients with suspected ocular hypertension and in those with controlled glaucoma with antiglaucoma medication, even in cases of suspected angular closure. In the cases of POAG, the hypotensive effect of the isolated surgery is smaller, because the cause of this pathology is a dysfunction of the trabecular meshwork, but even with this lower reduction, surgery is already able to improve the pressure control. However, in patients that require more rigorous IOP control, isolated surgery does not present as an effective reduction as trabeculectomy. Combined surgery may be used in some situations in which the diseases coexist and a marked reduction of IOP is required. 33 This behavior of pressure variation evidenced in the study can occur in both normal eyes and hypertensive and/or glaucomatous eyes; however, those with higher preoperative IOP show a more significant reduction. We observed that the postoperative variability was more evident in the combined surgery when compared to isolated cataract surgery after 12 months postoperation (mean of 23.8%×16.5%) in the final reduction. In addition, the effect of the decreased IOP was more pronounced in elderly female patients with shortened axial length. 34 The coexistence of cataract and glaucoma is common in people with advanced age, increasing progressively starting in the 60s. The decision of a patient with glaucoma and cataract to undergo either isolated cataract surgery or 
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IOP after phacoemulsification and trabeculectomy with phacoemulsification combined surgery is quite complex, and several factors may influence this choice, such as the fact that trabeculectomy can accelerate the progression of cataracts; phacoemulsification, by itself, already produces a hypotensive effect; a cataract surgery following glaucoma surgery may compromise IOP control; among others. 30 It is recommended that the professional analyze each case individually, aiming to maximize the proposed treatment, making it more effective, durable, and safe for the patient.
Regarding combined surgery, the study by Mandia Jr Carmo compared long-term IOP control after extracapsular facectomy combined with trabeculectomy with phacotrabeculectomy. It has been shown that in both groups these two surgical options are safe and effective for the simultaneous treatment of cataract and glaucoma. However, among the combined surgeries, phacotrabeculectomy leads to better IOP control without associated medication, due to a technique using a smaller incision, closer to a trabeculectomy, and having a reduced inflammatory reaction. 35 In this particular study, we observed that IOP reductions were higher in the IOP group with more elevated pressure (Table 8) . It is very interesting to observe that in the excellent work of Poley et al, 38 they analyzed that in eyes with glaucoma undergoing cataract surgery, a greater reduction in this same category was presented. We observed that the reducing effect of IOP was more evident in the combined surgery group, possibly due to the additive effect of trabeculectomy, and this may be an important ally in cases of decompensated or progressing glaucoma, where a higher value of IOP is desired. The analysis showed that 18.4% of the patients after 12 months postoperation did not require ocular antihypertensive eye drops and 30.6% used only one class of medication to better control IOP (Table 9 ). With this, combined surgery may also have a further additive effect with reducing costs with ocular antihypertensive medications, with the consequent improvement in patients' quality of life and financial status. 39 We must emphasize that when choosing the surgical technique to be employed, the ophthalmologist should individualize their choice according to the clinical case of the patient, prioritizing the safety, efficacy, and postoperative quality of life of this particular patient. 40, 41 In the present study, using the pneumatic tonometer, it was evidenced that the IOP values were significantly reduced after isolated cataract surgery and combined surgery in the short and medium term, when compared with the preoperative measurements. Some studies 36, 37 have already shown a reduction in IOP in a short period of time in isolated cataract, as well as a good concordance between the calibration of pneumatic tonometry and Goldmann's applanation tonometry. We believe that in the near future, with technological improvement, new studies will be able to analyze this pressure behavior with better accuracy, in relation to the measurement of IOP through pneumatic tonometry.
Conclusion
The authors observed that IOP reduction when measured in pneumatic tonometry in both surgical approaches was more significant in the combined surgery group. It was also evidenced that the isolated cataract surgery presented a uniform and less variable reduction when compared with the combined surgery.
We must emphasize the limitations of this study. The limited number of patients, the noncomparison of IOP found with noncontact tonometer and Goldman's applanation tonometry, as well as if both IOP measurement techniques had some degree of influence on the studied variables could all be important limiting factors of this study. A proposal for future research would be to conduct longitudinal, doubleblind, and randomized studies to observe the reproducibility of IOP gauging measurements through the use of pneumatic tonometry and Goldmann applanation.
